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(54) Abstract Title 

Two-stroke engine with forward scavenging air positioning and single-flow carburettor 

(57) A two-stroke engine 1 with forward scavenging air positioning of the type used as a drive engine in 
manually operated tools, in which the mixture is sucked into the crankcase 4 via a throttle valve carburettor 17 
and fed into the combustion chamber 3 via transfer passages 12, 15 formed in the cylinder 2. An air duct 8 is 
connected to a transfer passage 12, 15 via a controllable connection 14, 39 in order to convey essentially 
fuel-free air into the transfer passage 12, 15 in a load state of the two-stroke engine 1. To be able to convey a 
volume of fuel adapted to the volume of air sucked in at idle and part throttle whilst still achieving a separate 
feed supply of air and mixture at full throttle, a dividing wall 31 extending in the direction of flow 26 of the air 
is provided in the intake duct 22 of the carburettor 17. In the dividing wall 31 in the area of the throttle valve 24 
is provided a connecting aperture 34 which is closed at full throttle by the fully opened throttle valve 24. At idle 
and part throttle, on the other hand, the connecting aperture 34 is open, allowing even pressure to build up in 
the intake duct 22 in accordance with the volume of air sucked in. 
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Two-stroke engine with forward scavenging ai r positioning 
and single-flow carburettor 

The invention relates to a two-stroke engine, particularly but not exclusively for use as 
a drive engine in a manually operated, portable tool such as a chain saw, brush cutter, 
parting-off grinder or the like. 

A two-stroke engine of this type is known from DE 199 00 445 Al. The combustion 
space formed in the cylinder is connected to the crankcase via transfer passages, the 
mixture required for combustion being conveyed to the crankcase. In order to ensure 
that as little uncombusted fuel as possible is lost through the exhaust during the 
scavenging of the combustion space, the transfer passages close to the exhaust are 
connected to an air duct and fuel-free air is sucked in through the transfer passages 
during the intake stroke. The air is then held at the front of the transfer passages and 
enters first the next time the mixture transfers into the combustion space. The mixture 
flowing out of the crankcase follows some time later and the scavenging losses flowing 
out of the exhaust during the scavenging of the combustion space come largely from the 
forward positioned scavenging air. 

In practice, a number of problems occur during the metering of the fuel required to 
operate the internal combustion engine by a carburettor. For example, at idle it is 
necessary to guarantee that the air duct is fully closed in order to prevent the idle 
mixture becoming too lean in an uncontrolled manner in the combustion space as a 
result of the air flowing into it. During acceleration, too, the opening of the air duct 
renders the mixture too lean as a result of which the speed of the internal combustion 
engine increases only reluctantly to the desired level. 

On the other hand, it is important to guarantee that the air duct remains as free as 
possible from fuel at full throttle in order that the significant reduction in exhaust gas 
emissions which the forward positioned scavenging air is designed to achieve can be 
obtained. 
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The present invention seeks to provide a two-stroke engine of the known type in such a 
manner that it is possible to reliably prevent the mixture in the combustion space 
becoming too lean at idle and part throttle whilst retaining the advantageous effects of 
the supply of fuel-free air with which to scavenge the combustion space at full throttle. 

According to the present invention there is provided a two-stroke engine, for use as a 
drive engine in a manually operated, portable tool, with a combustion space which is 
formed in a cylinder and delimited by a reciprocating piston, the piston, via a 
connecting rod, driving a crankshaft rotatably mounted in a crankcase, with an air/fuel 
inlet issuing into the crankcase which is connected to an intake duct section, which has 
a cross-section which can be modified by means of a throttle valve, of a carburettor via 
which a fuel/air mixture is sucked into the crankcase, the throttle valve lying generally 
at right angles to the longitudinal centre line of the intake duct section when the two- 
stroke engine is at idle and generally parallel to the longitudinal centre line at full 
throttle, with a transfer passage which connects the crankcase to the combustion space 
and the end of which facing the cylinder head issues via a transfer port controlled by the 
piston into the combustion space, the transfer port being open in a lower position of the 
piston and closed in an upper position of the piston, and the end of the transfer passage 
facing the crankcase being open to the crankcase in both the upper and lower piston 
positions, with an air duct which is connected via a controllable connection to the 
transfer passage in the area of its cylinder-head end in order to convey essentially fuel- 
free air to the transfer passage in a load state of the two-stroke engine and with an 
exhaust which conveys exhaust gases away from the combustion space, wherein 
the intake duct of the carburettor is divided by a dividing wall extending in the direction 
of flow, one part of the duct featuring fuel feeders forming the intake duct section and 
the other part of the duct forming the air duct, the dividing wall extends substantially 
along the entire length of the intake duct from one front face of the carburettor body to 
its other front face, a connecting aperture is formed in the dividing wall in the area of 
rotation of the throttle valve, and when the two-stroke engine is operating at full throttle 
the connecting aperture is essentially closed by the fully opened throttle valve in such a 


manner that the air duct and the intake duct section are effectively separated from one 
another at full throttle. 

The dividing wall in the intake duct of the carburettor divides the venturi along its 
longitudinal centre line into a section of the intake duct and an air duct. Here the 
dividing wall is essentially provided along the entire length of the intake duct from one 
front face of the carburettor body to its other front face in such a manner that even fuel 
precipitating due to return pulsation upstream of the throttle valve is unable to simply 
pass into the air duct. At full throttle the throttle valve closes the connecting aperture in 
the dividing wall in such a manner that the dividing wall, which extends as far as the 
upstream front face, opposes any transfer of fuel upstream of the throttle valve. The 
dividing wall extends preferably as far as the base of an air filter fitted upstream of the 
carburettor, usefully into the air filter housing and in particular as far as the filter 
element itself The extension of the dividing wall upstream of the throttle valve into the 
filter housing achieves a functional division of air duct and mixture duct on the intake 
side. 

The design disclosed in the invention ensures that the pressure prevailing in the venturi 
at idle and part throttle corresponds to the joint pressure in the air duct and the mixture 
duct. The volume of fuel conveyed into the venturi in accordance with this joint 
underpressure is thus proportional to the volume of air conveyed, irrespective of 
whether it is conveyed to the combustion space via the mixture duct or the air duct. This 
prevents the mixture becoming too lean at both idle and part throttle. 

Similarly, if a choke valve is fitted this arrangement guarantees that the underpressure 
prevailing due to the adjustment of the choke is the same throughout the entire system 
in such a manner that under choke conditions, too, a volume of fuel adapted to the 
volume of air sucked in is conveyed and mixed with the air. 

In order to achieve a dry, i.e. largely fuel-free, air duct at full throttle, the aperture edge 
of the connecting aperture and the edge of the valve overlap. Here the overlapping 
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„ edge can be designed as a sea, for «he edge of the valve and the apereare ed 8 e 
can also have a seal. 

Further features of the invention are defied in *e toher Cairns, * description and 
.he drawings which illusttate embodiment of the invention deacrihed md.vK.uaUy 
below. 

Fig. 1 shows a schematic view of a two-stroke engine with port-controlled forward 
scavenging air positioning and a single-flow carburettor. 


Fig. 2 shows 
Fig. 3 shows 
Fig. 4 shows 


aschematic section along the line marked II-II in Fig. 1. 

a schematic view of a the section of a membrane-controlled system 
with forward scavenging air positioning as illustrated in Fig. 2. 
a schematic sectional view through a carburettor with a throttle valve 
and a choke valve. 


Fig. 5 shows a schematic view of the iron, face of a carburettor with an 
eccentrically positioned throttle shaft. 

The two-stroke engine 1 illusnated schematically in Fig. lis used as a smaU-volume 
drive engine preferably in manually operated, portable tools such as, for example, chart, 
sews, brush cutters, partlng-off grinders, ete. The displacement of an mtema. 
eombus.ionertgmeofunswelicswical.ywiuanarangeof 18cm and 500 cm . 

The two-sttoke engine 1 has a cylinder 2 in which is provided a combustion space 3 
which is delimited by a reciprocating piston 5 . Via a connecting tod 6, the p.aton 
drives a crank shaft 7 which is mounted in a enmkease 4 in such a mamter that rt can 

rotate. 

An We, 20 controlied in the embodiment il.usttated by the piston skirt 30 issues into 
the crankcase 4. h. the embodiment shown, the inle, 20 is therefore opened and closed 
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dependent upon the stroke position of the piston 5. It can be useful to provide a 
membrane control system instead of the piston port control system illustrated. The inlet 
20 then issues into the crankcase 4 outside the piston stroke area, it being necessary to 
position a membrane valve which opens in the direction of the crankcase 4 in the inlet 
20. The opening of the inlet 20 is then controlled by underpressure. 

The crankcase 4 is connected to the combustion space 3 via transfer passages, these 
transfer passages - cf. Fig. 2 - being designed as straight or handle-shaped passages in 
the side wall of the cylinder. In the version illustrated, a first pair of transfer passages 
12 and second pair of transfer passages IS are provided, one of each pair being on 
either side of a plane of symmetry 19. The second pair of transfer passages 15 are 
located close to an exhaust 10 which conveys exhaust gases out of the combustion 
space 3 and are also referred to as exhaust transfer passages 15. The first pair of 
transfer passages 12 are positioned some distance from the exhaust 10 and are referred 

> '-1 

to as exhaust-distant transfer passages 12. As illustrated in the section shown in Fig. 2, 
the plane of symmetry 19 divides the cylinder 2 into symmetrical halves and runs 
roughly centrally through the exhaust 1 0/inlet 20. 

The end of each transfer passage 12, 15 facing the cylinder head 11 issues into the 
combustion space via a transfer port 13, 16. The transfer ports 13, 16 are controlled by 
the piston 5 as it rises and falls, the transfer ports 13, 16 being open in a lower piston 
position close to bottom dead centre (BDC) illustrated in Fig. 1 and being closed in an 
upper piston position between BDC and top dead centre (TDC). The ends of the transfer 
passages 12, 15 facing the crankcase 4 are open in both the lower and the upper piston 
positions. 

Furthermore, the transfer passages 12, 15 can also be connected to an air duct 8 which 
issues into an air port 9 in the wall of the cylinder 12, A connecting port 14 is formed in 
the piston skirt 30 at the level of the air port 9 which, as illustrated in Fig. 2, extends 
from the air port 9 opposite the exhaust 10 in both directions around the circumference 
of the piston covering an angle at circumference of some 120° such that in the 
corresponding piston stroke position the transfer ports 13 and 15 communicate with the 
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connecting port 14, the connecting port 14 being designed such that it also connects 
with the air port 9 of the air duct 8 in this piston stroke position. Thus, when the piston 
5 rises towards TDC, a connection is made between the air duct 8 and the transfer ports 
13 and 15 and the underpressure prevailing in the crankcase 4 at the time is sucked out 
of the air duct 8 through the transfer passages 12 and 15. 

The air duct 8 and an inJet duct 21 leading to the inlet 20 are connected separately to a 
mixture formation device which is a carburettor 1 in the embodiment shown. The 
carburettor 17 is usefully a membrane carburettor of the type predominantly used in 
drive engines in portable, manually operated tools. In the carburettor body 18 is a joint 
intake duct 22 with a venturi 23. Also positioned in the intake duct 22 is a throttle valve 
24 which is mounted on a throttle shaft 25 in the carburettor body 18 in such a manner 
that it is able to rotate. The common intake duct 22 is divided by means of a dividing 
wall 31 which extends along the longitudinal centre line 43 in the direction of the air 
flow 26. The fuel feeders, in the embodiment illustrated idle jets 27 and a main fuel jet 
28, are located on one side of the dividing wall which extends essentially from one front 
face 29a to the other front face 29b of the carburettor body 1 8 along the entire length 1 
of the intake duct 22. Here the part of the duct which contains the fuel feeders 27 28 
forms an intake duct section 32 which is connected to the inlet duct 21. The other part 
of the duct forms an air duct 22 which is connected to the air duct 8 of the air port 9 In 
the area of rotation of the throttle valve 24 is a connecting aperture 34 in the dividing 
wall 31 which forms a connection between the intake duct section 32 and the air duct 
33. This connection creates identical pressure conditions on both sides of the dividing 
wall 31 when the connecting aperture 34 is open. When the connecting aperture 34 is 
open, the membrane carburettor 17 therefore conveys a volume of fuel which is always 
proportional to the volume of air sucked in via the jets 27 and 28. 

In the part throttle position illustrated in Fig. 1, the throttle valve is located half open at 
right angles to the longitudinal centre line 43 in the intake duct, the axis of rotation of 
the throttle valve being located exactly in the plane of the dividing wall 31. In this 
throttle valve position, the connecting aperture 34 is partially open and the fuel sucked 
in through the fuel jets 27 therefore enters both the intake duct section 32 and the air 
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duct 33 via the open connecting aperture 34. At idle and/or part throttle, both the air 
duct 8 and the inlet port 21 therefore convey a fiiel/air mixture, it being possible, due to 
the arrangement of the jets in the intake duct section 32, for the fuel/air mixture 
conveyed in the inlet duct 21 to be richer than that conveyed in the air duct 8 into which 
fuel is only allowed to enter via the partially opened connecting aperture 34. 

Downstream of the carburettor 17 the intake duct section 32 is connected to the inlet 20 
via the inlet duct 21 and the air duct 33 is connected to the air port 9 via the connecting 
duct 8. Downstream of the carburettor 17 the air ducts 8, 33 therefore run separately 
from the mixture ducts 21, 32. 

When the internal combustion engine is in operation, as the piston 5 rises towards TDC 
the transfer ports 13 and 16 and the exhaust 10 are closed. The rising piston 5 opens the 
inlet 20 and at the same time or a few crank angle degrees later connects the air port 9 
to the transfer ports 13 and 16 via the connecting port 14. Thus at the same time as the 
air duct 8 is connected to the transfer passages 12, 15 or slightly earlier, the inlet 20 "to 
the crankcase 4 is opened, allowing the mixture to flow into the crankcase 4. When the 
air port 9 of the connecting port is connected to -the transfer windows 13, 16, low-fuel 
mixture or largely fuel-free air is sucked in and flows down through the transfer ports 
13, 16 to the crankcase 4. The transfer passages 12 and 15 thus fill with lean mixture or 
with largely fuel-free air, the transfer passage 15 close to the exhaust preferably being 
filled with air. 

Following ignition, the piston 5 descends to BDC again, the flow connection between 
the transfer passages 12, 15 and the air duct 8 being interrupted and the inlet 20 being 
closed. Since the piston 5 is descending, the mixture sucked into the crankcase 4 is 
compressed and, as the piston-controlled transfer ports 13, 16 are opened, flows into the 
combustion space 3, filling it with fresh mixture for the next compression stroke. Here 
the low-fuel or fuel-free air is positioned forward of the rich mixture in the crankcase 4 
and scavenging losses flowing out through the open exhaust 10 are therefore largely 
formed by the low-fuel mixture and the fuel-free air. 
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At full throttle, the throttle valve 24 is fully open as illustrated in the example of a 
membrane-controlled forward scavenging air positioning system shown in Fig. 3. When 
the throttle valve 24 is fully open it lies roughly parallel to the longitudinal centre line 
43 to essentially close the aperture 34 such that the air duct 33 and the intake duct 
section 32 are effectively separate from each other although a degree of leakage may be 
permitted to enable pressure equalisation between the two ducts. To completely close 
the aperture 34, in this embodiment, the throttle valve 24 preferably seals the 
connecting aperture 34, In order to achieve this, the connecting aperture 34 is designed 
with a slightly smaller throughput section than that of the valve 24 itself. The aperture 
edge 35 of the connecting aperture 34 and the edge 36 of the throttle valve 24 overlap 
one another, thereby achieving a sealed fit. Here the aperture edge 35 is usefully 
designed as a seat for the edge 36 of the valve, the aperture edge 35 usefully bearing a 
seal 37. The seal is preferably a rubber seal which may be provided in the form of a 
gasket or a tied-in seal. This ensures that the air duct 8 is dry, i.e. free of fuel, at full 
throttle and thus that scavenging losses which occur during the scavenging of the 
combustion space 3 comprise exclusively of fuel-free air. 

In order to guarantee that the air duct 8/33 remains free of fuel at full throttle, the 
dividing wall 31 is designed to extend upstream of the carburettor 17 as far as the base 
40 of an air filter 41. If the dividing wall 31' is taken into the air filter housing, 
preferably extended into the area of the filter element 42, it is possible to prevent fuel 
precipitating in the air filter 41 as a result of air pulsation in the intake train from 
transferring to the air duct 33. 

While in the embodiment illustrated in Figs. 1 and 2 the connection between the air 
ducts 8, 33 and the transfer passages are controlled by piston ports, Fig. 3 shows a 
connection between the air duct 8 and at least the transfer passages 15 close to the 
exhaust port via a distributor duct 38 and a non-return valve which is designed as a reed 
valve 39 in this embodiment. The distributor duct 38 can be designed as an external 
duct, a hose connection or a duct integrated into the cylinder 2. As the piston 5 rises, 
underpressure is created in the crankcase 4 and also in the transfer passages 12, 15 due 
to the fact that these transfer passages 12, 15 are open to the crankcase 4. Due to the 
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pressure difference thus created at the reed valve 39, the reed valve 39 opens and low- 
fuel mixture/fuel-free air is sucked into the transfer passage 15 close to the exhaust via 
the reed valve 39. As the piston 5 descends, the overpressure which builds up in the 
crankcase 4 closes the reed valve 39. It can also be useful to connect the transfer 
passages 12 to the air duct via a non-return valve such as a membrane valve, e.g. via a 
controlled connection to the distributor duct 38. 

In the embodiment illustrated in Fig. 4, a choke valve 44 is provided upstream of the 
throttle valve 24 which is mounted on a choke shaft 45 in the carburettor 17 or the 
carburettor body 1 8 in such a manner that it can rotate. The choke shaft 45 is located in 
the plane of the dividing wall 31/31'. The choke valve 44 is associated with a further 
connecting aperture 46 in the dividing wall 31, when the choke valve 44 is in the open 
position illustrated in Fig. 4 the further connecting aperture 46 being largely closed by 
the choke valve 44. Here it is possible to provide sealing measures such as those which 
have already been described in relation to the throttle valve 24. This design guarantees 
that when the choke and the partially opened throttle valve 24 are actuated, the higher 
intake underpressure produced takes effect in both the air duct and the mixture duct, the 
pressure conditions in the venturi are therefore identical and a volume of fuel 
proportional to the volume of air sucked in is metered. 

It can be useful to position the dividing wall 31, 3 V in the carburettor body 18 
eccentrically in relation to the intake duct 22 thereby giving the air duct 33 and the 
mixture duct 32 different cross sectional areas. In this case, the throttle shaft 25 and a 
choke shaft 45 continue to be located approximately in the plane of the dividing wall 
31, but slightly offset towards the centre of the intake duct 22 as shown in Fig. 5. The 
ratio A/L between the cross sectional area of the intake duct section 32 and the cross 
sectional area of the air duct 33 lies roughly within a range of 0.5 to 1.9 and preferably 
within a range of 0.54 to 1.86. This means that the cross sectional area of the air duct 
can be between 65% and 35% of the total cross sectional area of the intake duct 22. 
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Claims 


, A two-shoke engine, for us. as a drive engine in a manually operated, portable too., 
wHh a combustion space which is formed in a cylinder and delimited by a reciprocating 
pi*on, tire piston, via a connecting rod, driving a crankshaft rotatably mounted in a 
encase, with an air/fuel inlet issuing into tire crankcase which is connected to an 
intake duct section, which has a cross-section which can be modified by means of a 
duottle valve, of a carburcnor via which a fuel/air mixture is sucked into the crankcase, 
to duottle valve .ying generally a. right ang.es to the longitudina. centre line of the 
Wake due, section when tire two-stroke engine is at idle and generally parallel to the 
tengitudtaal centre line at full throttie, with a transfer passage which connect the 
cankcase to tire combustion space and tire end of which facing the cylinder head issues 
via a transfer port controlled by the piston into the combustion space, the transfer port 
being open in a lower position of the piston and closed in an upper position of the 
piston and the end of the transfer passage facing the crankcase being open to the 
crankcase in bod. the upper and lower piston positions, with an air duct winch » 
connected via a controllable connection to tire transfer passage in the area of rts 
cylinder-head end in order to convey essentially fhel-ftee air to the transfer passage m a 
tad stide of fl* two-stroke engine and with an exhaust which conveys exhaust gases 
away from the combustion space, wherein 

the intake duct of the carburettor is divided by a dividing wall extending in the direction 
of flow one part of the duct featuring fuel feeders forming the intake duct section and 
the other part of the duct forming the air duct, the dividing wall extends substanually 
along the entire length of the intake duct from one front face of the carburettor body to 
its other front face, a connecting aperture is formed in the dividing wall in the area of 
rotation of the throttle valve, and when the two-stroke engine is operating at full throttle 
the connecting aperture is essentially closed by the fully opened throttle valve in such a 
manner that the air duct and the intake duct section are effectively separated from one 
another at full throttie. 


2. A two-stroke engine in accordance with claim 1 , 
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an air filter is positioned upstream of the carburettor and the dividing wall extends as 
far as the air filter base. 

3. A two-stroke engine in accordance with claim 1 or 2, wherein 
the dividing wall extends into the air filter housing. 

4. A two-stroke engine in accordance with claim 3, wherein 

the dividing wall extends into the air filter housing, as far as the area of the filter 
element. 

5. A two-stroke engine in accordance with any one of claims 1 to 4, wherein 

a choke valve is positioned upstream of the throttle valve and, provided in the dividing 
wall in the area of the choke valve is a second connecting aperture which is 
substantially completely closed by the choke valve when the latter is in the open 
position. 

6. A two-stroke engine in accordance with any one of claims 1 to 5, wherein 
the connecting aperture has a slightly smaller throughput section than the valve. 

7. A two-stroke engine in accordance with claim 6, wherein 

the aperture edge of the connecting aperture and the edge of the valve overlap. 

8. A two-stroke engine in accordance with claim 6 or 7, wherein 
the overlapping aperture edge comprises a seat for the valve edge. 

9. A two-stroke engine in accordance with claim 8, wherein 
the overlapping aperture edge bears a seal . 

1 0. A two-stroke engine in accordance with claim 9, wherein 
the overlapping aperture edge seal comprises a rubber gasket. 

1 1 . A two-stroke engine in accordance with any one of claims 1 to 10, wherein 
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<w t ut> ra tio A/L between the 

cross sectional area A of the una*- 
duct lies within a range of 0.5 to 1.9. 

• . in accordance whh an, one of claims 1 to 12, therein 
)3 . A — J ~ ^ ^eall, in 

Uk valve shaft is mounted in the car 

section of the intake duct. 


return valve. 


„ omrine in accordance with claim 14, wherein 
15 A two-stroke engine in acw 
tenon-rerurnvmvecmprisesa^edvalve. 

the air duct is connected ^ ^..^ 

provided in the piston, in accordance with th p 

18. A two-suoke engine in accordance vd* claht ^in ^ ^ ^ 

*. mixnne «« is opened sugW* than the an duct 


13 


19. A two-stroke engine, for use as a drive engine in a manually operated, portable 
tool, substantially as described herein with reference to and as illustrated in the 
accompanying drawing. 
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